Abstract: Compared with PDC bit, diamond impregnated bit have advantages in strong abrasive and hard formation according to theoretical research and field pilot experience. But the design and parameter optimization of diamond impregnated bit for different kinds of formations haven't been done until now, and this block its application in oilfield. The influence of bit matrix formula, polycrystalline diamond grain size and concentration on rock-breaking efficiency and bit service life were investigated based on drilling experiments. The optimized matrix formula of diamond impregnated bit for drilling in quartz sandstone formation and granite formation were obtained separately according to the experiment result. It also can be observed that with the increase of the polycrystalline diamond grain size and concentration, the drill speed of the diamond impregnated bit increase and then decrease, while the wear loss keep decrease. 80 is the critical mesh for polycrystalline diamond grain size which can let the bit keep high drill speed and ensure its service life. The optimization result for polycrystalline diamond concentration is 20% for quartz sandstone and granite formations. The influence of diamond impregnated bit parameters on drilling performance was studied and the optimized parameter values were obtained for the two kinds of strong abrasive and hard formations of quartz sandstone and granite. The research result can used to select and design diamond impregnated bits for different kinds of formations, and then improve the drill performance and enhance its application.
Introduction
The rock-breaking efficiency and drill speed are very low when using cone bit drill strong abrasive and hard formations, which mainly composed of siliceous quartz sandstone and feldspar sandstone [1] . PDC bit is suitable for soft and medium hard formations as its main rock-breaking mechanism is scraping [2] . For hard formation, PDC bit also can't wedge into the rock to conduct rock-breaking, and lead to low drill speed [3] [4] [5] . Diamond impregnated bit can be used in strong abrasive and hard formation according to theoretical research and field pilot experience [6] [7] [8] . At the moment, the design of diamond impregnated bit which include the concentration and grain size of polycrystalline diamond, and the formula of the matrix are depends on experience. For different kinds of formations, the design methods for diamond impregnated bit haven't been researched [9] [10] [11] .
If the polycrystalline diamond parameters and matrix formula was incompatible, the matrix will worn out, and then the impregnated polycrystalline diamond particles will fall off. Furthermore, the 5th International Conference on Civil Engineering and Transportation (ICCET 2015) loose of impregnated polycrystalline diamond particles will enhance the wear of matrix. They are the main reasons causing the low drill efficiency and high cost of the diamond impregnated bit drilling in strong abrasive and hard formations [12] [13] [14] .
In this paper, the influence of polycrystalline diamond grain size, polycrystalline diamond concentration and matrix formula on the diamond impregnated bit service life and rock-breaking efficiency was studied based on laboratory drilling experiments. Then diamond impregnated bit parameters such as polycrystalline diamond grain size, concentration and matrix formula were optimized for drilling strong abrasive and hard formations. The research results are meaningful to the design and optimization of diamond impregnated bit and enhance its application.
Experiment plan design

Experiment scheme
In order to compare the influence on the drilling performance, four kinds of polycrystalline diamond grain sizes, four concentrations of polycrystalline diamond and four matrix formulas are selected to conduct drill experiments (see Table 1 ). The value selections of those three parameters are based on the literature review results [15] [16] [17] [18] . Quartz sandstone and granite were selected as the representative samples of strong abrasive and hard formations [19, 20] . The hardness, compressive strength, drillability extremum and abrasiveness index of rock samples as shown in Table 2 . A type of half circular arc diamond impregnated bit was employed in the experiment. Its structure is shown in Fig. 1 .Its outer diameter was 70mm, and the inner diameter is 54mm. Fig. 1 The structure of diamond impregnated bit
The cutting teeth structure of diamond impregnated bit is shown in Fig. 2 (a) ant its material object are shown in Fig. 2(b) . The half circular arc part is diamond impregnated layer for rock-breaking and twelve natural diamond particles arranged on the cube part for gauge protection. 
Experiment equipment
The experiment was conducted on the bit experimental bench of 3H-650A type as shown in Fig. 3 . The rotational speed was fixed to 60rpm, drill pressure was 8kN and water flow rate was 11L/s during drill experiment process. 
Experiment result analysis
Effect of bit matrix formula on rock-breaking efficiency
Matrixes of diamond impregnated bit were sintered by hot-pressing method according to the four kinds of matrix formula designed in Table 1 . The matrix hardness of four kinds of matrix were tested and the results are shown in Table 3 . Fig. 4 . It can be observed that with the increase of matrix hardness, the drill speed gradually increase and then decrease during the process of drill quartz sandstone (see Fig. 4(a) ). No. 3 matrix corresponding to the maximum drill speed and this prove that the wear resistance of No. 3 matrix was adaptive best with polycrystalline diamond wear. The hardness of No. 1 matrix was relatively low and the rock abrasiveness of quartz sandstone was very high. This will lead to the matrix worn out before polycrystalline diamond fully exposed. Then the retention capacity of matrix will decrease, the polycrystalline diamond particles will fall off before it make full role. The hardness of No. 3 matrix could ensure a high retention capacity for polycrystalline diamond particles. Polycrystalline diamond will drop off when the polycrystalline diamond wear to a certain degree. Then the under layer polycrystalline diamond particles solely exposed and began to cut rock. This ensures the drill speed keep at a high level. The matrix had not worn and the new polycrystalline diamond particles could not exposed when polycrystalline diamond particles worn completely as the hardness of No. 4 matrix was too high and its wear resistance was strong. This is the reason of low drill speed. The effect of bit matrix on drill in granite is similar to quartz sandstone. The hardness and wear resistance of No. 2 matrix are suit for granite as the abrasiveness of granite are weaker than that of quartz sandstone.
(a) (b) Fig. 4 The influence of bit matrix formula on drill speed and wear loss It can be seen from Fig. 4(b) that the wear loss of the diamond impregnated cutting teeth decreased with the increase of matrix hardness. The wear loss of the diamond impregnated cutting teeth is very high as strong abrasiveness of the rock.
Based on the influence analysis of matrix formula on drill speed and wear loss, it can be obtained that No. 3 matrix formula are suit for drilling in quartz sandstone formation and No. 2 matrix formula are suit for granite formation.
Effect of diamond grain size on rock-breaking efficiency
Diamond impregnated cutting teeth were sintered using four kinds of polycrystalline diamond grain sizes (see Table 1 ). Drill experiments were conducted and the results are shown in Fig. 5 . The drill speed of the diamond impregnated bit increase and then decrease with the increase of diamond grain size, while the critical size is 80 mesh. The wear loss significant decreases with the increase of diamond grain size. When polycrystalline diamond concentration is fixed, large diamond grain size means less diamond numbers. Then the cutting force of single diamond particle on the rock will become larger under the same drill pressure, and the rock-breaking efficiency increase. However, the fracture and crack of polycrystalline diamond particles will more frequently due to the high hardness and abrasiveness of quartz sandstone and granite. This means that with the increase of diamond grain size, the rock-breaking efficiency and the wear loss will increase at the same time. The cutting efficiency of single diamond particle will decrease along with diamond grain size reduces, but the number of exposed diamond particles increase. The best combined effect can be achieved when the grain size was 80mesh. The diamond particles will expose more and the wear resistance will increase if continue to reduce the grain size of the polycrystalline diamond particles. In this case, the wear loss are small, the life of diamond impregnated bit are long. But if the diamond particles too small, the cutting force of single diamond particle are small under the same concentration, the rock-breaking efficiency will be affected and lead to the drill speed decrease. According to the analysis above, 80 is the critical mesh for diamond grain size which can achieve the best drill performance.
(a) Quartz sandstone (b) Granite Fig. 5 The influence of diamond grain size on drill speed and wear loss
Effect of diamond concentration on rock-breaking efficiency
The drill experiment used four kinds of diamond concentrations were conducted (see Table 1 ) and the results are shown in Fig. 6 . The drill speed increase and then decrease with the increase of polycrystalline diamond concentration and the critical point are 20%. This because when polycrystalline diamond grain size is fixed, the cutting force of single diamond particle decreases with the increase of polycrystalline diamond concentration. At low diamond concentration, the excessive cutting force cannot enhance the drill speed as the wear of the diamond particles and matrix are very quick in strong abrasive formations. Polycrystalline diamond particles did not play the role of grinding and prematurely ruptured or threshed. When polycrystalline diamond concentration increased to 20%, the force of single diamond particle on the rock could be adapted to the rock abrasiveness, the drill speed significantly increases. The cutting force of single diamond particle decrease sharply and lead to the drill speed reduces if continue to increase the diamond concentration.
It also can be observed that the trends of wear loss in quartz sandstone and granite decrease at the same time with the increase of polycrystalline diamond concentration (See Fig. 6(b) ). This because under the same diamond grain size, the exposed diamond particles is much more because of the increase of diamond concentration, and the wear resistance increase. The wear loss tended to be linear in quartz sandstone with the increase of polycrystalline diamond concentration. The wear loss in granite had a slight fluctuate. This trends determined by the properties of the rocks. The maximum drill speed can be achieved at the critical diamond concentration of 20％, while the wear loss are low enough to ensure the bit service life. Therefore, 20% is the optimized concentration for diamond impregnated bit.
(a) (b) Fig. 6 The influence of diamond concentration on drill speed and wear loss
Conclusion
(1) The optimized matrix formula of diamond impregnated bit for drilling in quartz sandstone formation was 45% cast tungsten carbide + 10% tungsten + 27% copper + 9% nickel + 9% manganese, and the optimized matrix formula for granite formation was 40% cast tungsten carbide + 20% tungsten carbide + 20% copper + 12% nickel + 8% manganese based on laboratory experiment results.
(2) With the increase of the polycrystalline diamond grain size, the drill speed of the diamond impregnated bit increase and then decrease, while the wear loss keep decrease. 80 is the critical mesh for polycrystalline diamond grain which can keep high drill speed and ensure its service life.
(3) The drill speed and wear loss vary behavior with polycrystalline diamond concentration are similar with polycrystalline diamond grain size. The optimization result for polycrystalline diamond concentration is 20 %.
(4) The polycrystalline diamond concentration, diamond grain size and bit matrix formula of diamond impregnated bit were optimized during drill in quartz sandstone and granite formations based on drill experiment. It can help the design and selection of diamond impregnated bit when it apply in different kinds of formations.
